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Advances in The Leader—Following Method of Multi-Mobile
Robots Formation

WANG Shuai'?, ZHOU Lelai'?, LI Yibin"*, LU Guanglin'?
(1. School of Control Science and Engineering, Shandong University, Jinan 250061, China;
2. Center for Robotics of Shandong University, Jinan 250061, China)

Abstract: After a long time of development for multi—mobile robots, related technologies and products have been
applied to various fields. Firstly, there is an overview of mobile robots. Because it is difficult for a single robot to complete
complex tasks, the cooperative control tech—nology of multiple mobile robots and its application are very important.
Secondly, the formation control problem is described. Several effective formation control methods, such as pilot follower
method, behavior based method and virtual structure method, are intro—duced. Finally, the research progress and problems
of the pilot following method are summarized in detail, and the future development trend of the formation pilot and following
control technology is prospected. The research shows that the pilot following method can solve problems such as formation
generation and stability, formation switching, system obstacle avoidance and adaptive control of multi mobile robots.

Key words: Multi-Mobile Robots; Formation Control; Leader—Following Method; Cooperative Control; Formation

and Stability; Obstacle Avoid—ance
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Fig. 13 Classification of formation control
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Fig. 16  Treat dynamic obstacle as virtual leader robot
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Review of Lane Detection Methods Based on UAV Aerial Images

WANG Qiusheng', HE Yuntao', ZHANG Xiaohui*, LIU Li'

(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;

2. School of Mechatronical Engineering, Beijing Institute of Technology , Beijing 100081, China )

Abstract: UAVs are widely used in highway inspection, electric power inspection and other fields. For this kind of
special task with high tracking accuracy requirements, tracking lane line to determine the track is an effective way to
improve tracking accuracy, and lane detection is one of the key technologies. Firstly, the development of lane detection
system based on UAV aerial images is introduced. Then, the research of two core technologies for lane line detection are
summarized, namely lane line edge feature extraction technology and lane line fitting technology. Compared with the
traditional method and the deep learning method, this paper analyzes the applicable scenarios and limitations of the existing
lane line detection methods, and finally, the computer vision technology based future development direction is proposed.

Key words: UAV; Lane Detection; Line Edge Feature Extraction; Deep Learning; Lane Fitting; Path Planning;
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OBB-based Multi-Sensor Data Manipulation of Traffic Scenarios

LIU Yu', ZHANG Chi'?, LI Yaochen®, LI Li*, LIU Yuehu'*’, ZHENG Nanning'
(1. Institute of Artificial Intelligence and Robotics, Xi "an Jiaotong University, Xi an 710049, China;
2. School of Software Engineering, Xi’an Jiaotong University, Xi an 710049, China;

3. Shaanxi Key Lab of Digital Technology and Intelligent Systems, Xi’an 710049, China;

4. Department of Automation, Tsinghua University, Beijing 100083, China)

Abstract: Critical traffic scenarios, such as scenarios with dangerous driving behaviors, contain challenging
conditions that affect the performance of unmanned vehicles’ cognitive algorithm. They are powerful test data in simulation
testing for autonomous vehicles. However, the acquisition of critical traffic scenarios is difficult, resulting in few samples.
Faced with this, we aim to explore the simplified representation of 3D manipulating space for generating multi—sensor data
of critical traffic scenarios. In this paper, this data is generated by manipulating the existing multimodal sensor data. In
order to balance the requirements of excellent geometric continuity and low graphics complexity, OBB (Oriented Bounding
Box) is introduced to represent the traffic participants and roads in the critical traffic scenarios. Furthermore, for low
expense of manipulating space’s construction, we propose a gradual construction of bounding box for regional road areas
method to add road geometric constraints, which improves the visual effect. The experimental results show that the
cognitive algorithm is sensitive to the generated critical traffic scenarios, so they can enrich the testing dataset of
simulation testing for autonomous vehicles.

Key words: OBB (Oriented Bounding Box); Manipulating Space Representation; Critical Traffic Scenarios; Visual

Data Generation; Data Manipulation; Simulation Testing for Autonomous Vehicles
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Multiple 3D Object Tracking with RGB and 3D-LiDAR Data Fusion

FANG Jianwu'?, WANG He', XUE Jianru®, XU Hongke'

(1. School of Electronic and Control Engineering, Chang’an University, Xi’an 710064, China;
2. Visual Cognitive Computing and Intelligent Vehicles Lab, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Multiple object tracking (MOT) is a fundamental problem in the autonomous driving research community.
Through accurate and efficient tracking, ego—vehicle can get the location velocity of surrounding objects and make a
reasonable future motion planning. Different from most of the methods adopting the RGB or 3D-LiDAR data
independently, this paper aims to track the perceived objects by fusing RGB and 3D-LiDAR data, the standard sensor
configuration in current autonomous vehicles. Specifically, we firstly use Hungarian algorithm as a backbone model to
associate the 3D point cloud of each object in adjacent frames. Then, we fully explore the appearance feature in RGB frame
and geometrical feature in 3D point cloud to restrict the wrongly associate target 1Ds because of the interaction of near
objects. We evaluate our method on the newly proposed BLVD dataset, and show the favorable performance.

Key words: Unmanned Vehicle; Multiple Object Tracking; Data Fusion; Hungarian Algorithm; 3D-LiDAR Data;
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Tabel 1~ The results of multi—object tracking. ( T and | prefer a higher value and lower value respectively)
IDF1 1 Rell T Pren?  FAR| MT 1 ML | FP | FN| IDswl| MOTAT MOTPT MOTAL?T
AH 80.6% 93.2% 87.7% 11.6% 84.6% 1.86% 1749 916 262 89.2% 97.9% 90.1%
AF 85.9% 93.1% 96.6% 3% 84.6% 1.86% 444 918 203 92.4% 97.9% 92.9%
AA 79.4% 67.9% 95.6% 0.54% 35.5% 42.4% 434 4496 102 64.1% 88.6% 64.8%
#H 85.2% 96.7% 96.9% 5% 69% 1.65% 4081 4382 885 94.9% 99.1% 95.1%
ZF 92.9% 96.7% 98.8% 2% 69% 1.65% 1520 4382 454 95.2% 99.1% 95.6%
A 91.12% 86.1% 97% 5.33% 59.2% 16.4% 4317 22469 429 83.1% 89.6% 83.4%
B H 82.7% 95.5% 93.4% 7% 77% 1.59% 2714 1808 503 90.7% 98.5% 91.2%
W F 85.7% 94.1% 96.8% 3% 76.1% 2.03% 1244 2392 359 92.2% 98.5% 92.8%
BFA 82.09% 72.4% 94.7% 2.3% 40.4% 32.3% 1863 12650 267 67.8% 86.4% 68.4%
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Fig. 3 The example of object ID—switch in interactive scenario
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A Hybrid Algorithm of Gas Traceability and Localization Based on
Machine Olfactory of Unmanned Vehicles

DONG Wenxuan', CHEN Jianguo', HUANG Yu?, SU Guofeng'

(1. Department of Engineering Physics, Tsinghua University, Beijing 100084, China;
2. School of Automation, Beijing Information Science and Technology University, Beijing 100192, China)

Abstract: Aiming at the problem of traceability of dangerous gas diffusion sources in large public areas, and using
the unmanned intelligent vehicle system and path planning technology, a study on the hybrid algorithm of Trilateration
Method (TM) and Simplex Algorithm (SA) is carried out. In order to reduce the number of detection nodes in the dynamic
traceability path and effectively realize long—distance fast search, and to ensure high accuracy and convergence, this
paper proposes a hybrid genetic algorithm, which combines the iterative update capability of TM and the conservative
optimization ability of SA. At the same time, the combination method is introduced in the genetic structure, which
improves the practicability of the existing algorithm. It is shown by simulations that the algorithm has good performance in
both convergence accuracy and success rate, and the positioning efficiency is increased by more than an order of
magnitude compared to existing algorithms.
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Algorithm 1 Trilateration—Simplex Source Localization

1: function Localization(x,,x,,x;,c,,c,,c;)
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Conformal Blade Design and Aerodynamic Simulation of Miniature
Cylindrical Coaxial Rotor Aircraft

WEI Yiran', DENG Hongbin', JIANG Mingz, PAN Hai*, WANG Baoguo2
(1. School of Mechatronical Engineering, Beijing Institute of Technology, Beijing, 100081, China;
2. Huaihai Industrial Group Co. , Ltd, Changzhi, 046000, China)

Abstract: Based on a micro cylindrical coaxial rotor aircraft, a circular arc blade is designed. After folding the rotor,
it can be conformed with the aircraft, and wrap the body well, forming an integral cylinder, which is easy to store and
carry. It not only protects the body, but also provides great convenience for the use and storage of the aircraft. The inner and
outer walls of the blade are cylindrical, which can be obtained by cutting the carbon fiber tube. First, the concentric blade
is designed and compared with the traditional NACA0012 airfoil. Then, the optimal wingspan is calculated according to the
characteristics of the aircraft. Finally, the chord length of the whole rotor is optimized. The design takes into account the
structural characteristics, aerodynamic characteristics and engineering practice. In the verification stage through C¥D fluid
simulation and physical test, verified the rationality of the design and the good performance of the blade, the rotor
processing method is simple, superior performance, with great theoretical and engineering value.

Key words: Cylindrical Coaxial Rotor Aircraft; Airfoil ; Wingspan; Conformal Blade; Aerodynamic Analysis ;

Fluid Simulation
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Research on Multi-Sensor Task Planning Algorithms for
Air Defense Operations

TANG Junlin', ZHANG Dongl , WANG Yuqianz, LIU Li?

(1. School of astronautics, Northwestern Polytechnical University, Xi’an 710072, China;
2. JiangNan Design Institute of Machinery&Electricity, Guiyang 550009, China )

Abstract: For the complex target characteristics of large—scale air attack , such as UAV, ballistic missile and stealth
missile, a single detection method cannot meet the needs of the networked battlefield environment. Multi-sensor
cooperative detection is the main method, and task planning is the key to cooperative detection. Multi—sensor mission
planning is the key to improve the effectiveness of air defense operations, which is to make full use of the advantages of
multiple sensors to carry out cooperative detection and tracking. Based on the concept of cooperative coevolution algorithm,,
this paper proposes a multi-sensor task planning algorithm based on competitive coevolution. Firstly, the mathematical
model of air defense multi—sensor mission planning is established; secondly, based on the framework of competitive
cooperative algorithm, a new coding method is designed, and the strategies of crossover, mutation and conflict resolution
are proposed; finally, the rationality and efficiency of the model and algorithm are verified by simulation to provide
technical support for future air defense operations.

Sensor Task Planning ; Multi-Agent System ;

Key words: Large Scale Air Attack ; Air Defense Operations ;

Co-Evolutionary Algorithm; Multi-Sensor
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Tablel Parameters for Agents
Agent %l 5 (AT TR
1 (300, 300, 0) 500
2 (=300, 300, 0) 500
3 (300, -300,0) 500
K2 AEIRAR I SHL
Table2 Parameters for sensors
G PR Agent B GEAE MOUERE  iGRmIEA BN Roplih  GEEE KA
1 1 (300,300,0) 2%pi 500 (0,pi/6) 100 0 3 1
2 1 (400,300,0) pi/2 300 (0,pi/6) 6 0 9 2
3 1 (300,400,0) pi/2 100 (pi/2,pi/6) 10 1 6 2
4 1 (500,300,0) pi/2 100 (0,pi/6) 10 0 6 2
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Analytic Hierarchy Process Based Evaluation of UAV Recovery System

ZHAO Yueqin, LOU Wenzhong, WANG Jinkui, LIU Weitong, SU Zilong
(School of Mechatronical Engineering, Beijing Institute of Technology, Beijing, 100081, China)

Abstract: This paper mainly expounds the commonly used UAV recovery methods nowadays and explains the
necessity of effective evaluation of the UAV recovery system according to the previous studies ; fully considers the influence
factors and construct the evaluation system of the UAV recovery system with six evaluation indexes of safety, cost,
personnel requirement, landing environment, time as well as UAV’ s own scale; and determines the influence weight of
the UAV recovery system using the analytic hierarchy process. By combining the qualitative and quantitative analysis, the
effective evaluation is conducted on the UAV recovery system with the grey relational degree of the recycle system under
different indexes calculated with the grey relational analysis. Due to the subjective influence of experts in scoring, the
rationality of the evaluation system and the validity of the evaluation results can be verified through controlling the
variables, adjusting the weights of different indexes, and painting the line chart, in which the evaluation results change
with the indexes, and evaluating all recovery systems at different indexes.

Key words: UAV Recovery System; Analytic Hierarchy Process; Grey Relational Analysis; Consistency Test;
Fixed-Wing UAV; Comprehensive Evaluation
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